abstract This article reviews current evidence for autism spectrum disorder (ASD) screening based on peer-reviewed articles published to December 2013. Screening provides a standardized process to ensure that children are systematically monitored for early signs of ASD to promote earlier diagnosis. The current review indicates that screening in children aged 18 to 24 months can assist in early detection, consistent with current American Academy of Pediatrics' recommendations. We identify ASD-specific and broadband screening tools that have been ev-aluated in large community samples which show particular promise in terms of accurate classification and clinical utility. We also suggest strategies to help overcome challenges to implementing ASD screening in community practice, as well as priorities for future research. Pediatrics 2015;136:S41-S59
Although there have been considerable advances in characterizing early behavioral markers predictive of autism spectrum disorders (ASDs), as summarized in this special issue to Pediatrics, 1 translation into clinical practice requires that the process of monitoring for such early risk markers be operationalized to facilitate broad implementation. To that end, universal screening for ASD has been recommended by the American Academy of Pediatrics (AAP) to ensure consistent practice and optimal detection of young children with early signs of ASD across a range of clinical and community contexts. 2 The AAP has recommended that all children be screened with an ASD-specific instrument during well-child visits at ages 18 and 24 months in conjunction with ongoing developmental surveillance and broadband developmental screening. The rationale for this recommendation was based on the presence of ASD symptoms by age 18 months, promising data on early ASDscreening tools, and the availability of effective intervention strategies targeting this age group. 3,4 Recent randomized controlled trials have added new evidence that for many children aged ,3 years, early intervention can improve outcomes, including core deficits of ASD (ie, social attention), IQ, language, and symptom severity, 5, 6 thus increasing the potential benefits of early diagnosis facilitated by early screening.
Some scientists and practitioners have questioned whether the evidence relative to general developmental surveillance warrants ASD screening, 7, 8 and others have argued that research needs to move beyond risk classification and evaluate longer term outcomes of ASD screening (eg, impact on age of diagnosis, related gains attributable to earlier enrollment in intervention). 9 The uptake of ASD screening into pediatric practice has been modest. 10, 11 Although potential facilitatorsand barriers to ASD screening have been researched and debated, [11] [12] [13] screening rates in many regions of the United States remain low. Community-based interventions aimed at implementing or increasing utilization of ASD screening have emphasized training primary care physicians and their front-line staff, providing ongoing technical assistance (eg, scoring, data management support), and clear referral pathways for specialized assessments. 9, 11, [14] [15] [16] [17] However, ongoing debate regarding whether there is sufficient evidence in support of ASD screening to warrant widespread practice change 8, 18 may undermine the degree to which community pediatricians are adopting the AAP policy.
Thus, an updated literature review and best practice recommendations regarding ASD screening are warranted, as well as further considerations of how to address potential barriers to uptake of screening into clinical practice. To that end, an international multidisciplinary panel of clinical practitioners and researchers with expertise in ASD and developmental disabilities was convened in Marina del Rey, California in October 2010. The panel reached consensus on "How can we optimize developmental course and outcomes through ASD screening programs for children aged #24 months?"
For further context, we briefly define terms used to describe the classification accuracy of specific screening measures. "Sensitivity" refers to the proportion of children with ASD who are correctly identified as "high risk" according to results of screening; a child with ASD who is not identified by the screen is considered to be a falsenegative. Specificity refers to the proportion of children who do not have ASD who are correctly classified using the screening tool as not having risk for ASD; a child who does not have ASD yet screens positive is considered to be a false-positive. It has been suggested that to even receive consideration for population screening applications, the sensitivity and specificity of a screening tool should exceed 0.70. 19 However, the relative "cost" associated with false-positive and false-negative findings, as well as the prevalence of the condition being screened, must also be taken into consideration. The positive predictive value (PPV) for ASD of a screening test is defined as the proportion of children screening positive who receive an ASD diagnosis divided by the total number of screen-positive cases. The negative predictive value (NPV) is the proportion of screennegative children not receiving an ASD diagnosis. PPV and NPV are influenced by the baseline prevalence of ASD in the population being screened as well as the sensitivity and specificity of the screening tool. Although sensitivity and specificity are intrinsic measures of test performance, PPV and NPV arguably have more inherent meaning for individual family-level and system-level evaluations of screening.
It is also important to distinguish level 1 from level 2 screening. Level 1 screening applies to all children regardless of risk status (ie, "universal" screening). In contrast, level 2 screening is targeted at children already identified as being at increased risk (eg, due to a positive family history, concerns raised by parents or clinicians, identification by a level 1 screener).
METHODS
The working group co-chairs and panel co-chairs conducted a PubMed search to identify relevant articles on screening for ASD in children aged #24 months. Members of the working group reviewed the articles. We assessed whether tools were being evaluated in the population in which they were being considered for use and whether these tools met the minimum criteria for specificity and sensitivity to support implementation in the general community. Panel recommendations were based on this evaluative framework.
The working group summarized published research on screening tools developed for use in children aged #24 months, even if the age range of these screens exceeded 2 years (Table 1) . A PubMed search was conducted on June 30, 2010, by using the search terms ("child developmental disorders, pervasive" or "autistic disorder/" or "autism [tw]" or "autistic [tw]") and ("mass screening" or "screen [tw]"), with the age filter ("infant, birth-23 months") and limited to English-language articles. This search yielded 111 references, which were reviewed by Drs Zwaigenbaum and Bauman, who selected articles focusing on studies that involved prediagnostic screening for early behavioral or biological features (as opposed to postdiagnostic screening for etiologic factors or associated comorbidities). The search results were complemented by additional publications identified by working group members. Thus, although the search strategy was comprehensive, selection of articles was not systematic, which is an important limitation. A scoping approach was used instead, with some discretion of the multidisciplinary expert working group, to select articles of highest relevance.
Most of the instruments reviewed were designed to identify children at risk for ASD who warranted further evaluation. Also reviewed were general developmental, or broadband, screening instruments that had been evaluated for the purpose of early identification of ASD, even if not specifically designed to distinguish risk for ASD from risk for other developmental delays. We also distinguished between the instruments that had been evaluated as level 1 screens, level 2 screens, or both.
During the conference, the working group offered draft recommendations for discussion, modification, and ratification by all attendees. Electronic voting was used to express opinions and guide consensus building. A modified nominal group technique was used to review the recommendations, with consensus reached by $1 round of voting. The consensus statements and discussion were summarized as draft proceedings of the conference, which were subsequently edited by all participants. The search was updated by using the same strategy to add articles published to December 31, 2013, which yielded an additional 85 references; selection was limited to prediagnostic screening of early behavioral or biological markers. The working group reviewed and approved the final wording of the summary and recommendations.
The measurement properties that characterize the accuracy of screening instruments used to identify children at risk for ASDs are summarized in Table 1 . 17, ASD screeners with published evaluation data include parent questionnaires such as the Modified Checklist for Autism in Toddlers (M-CHAT), 24 the Quantitative Checklist for Autism in Toddlers (Q-CHAT), 33 the Early Screening of Autistic Traits questionnaire (ESAT), 22, 23 and the First Year Inventory (FYI). 20, 48 Table 1 also summarizes ASD screening instruments with only preliminary data (eg, the Pervasive Developmental Disorders Rating Scale), 36 which will not be included in the present discussion.
The results of the overall process are listed as summary statements. Some of the statements summarize the state of the literature, whereas others provide recommendations for research needed to fill important evidence gaps and/or address issues important for clinical practice.
SUMMARY STATEMENTS
Statement 1: Evidence supports the usefulness of ASD-specific screening at 18 and 24 months. ASD screening before 24 months may be associated with higher false-positive rates than screening at ‡24 months but may still be informative.
ASD-specific screening in children aged 18 to 24 months can assist in early detection Table 1 summarizes the measurement properties of ASD-specific level 1 screening tools for children aged ,36 months. These include the following tools.
CHAT
The CHAT was the first ASD screening tool to be assessed at a population level. 46 It cannot be recommended, however, for current early detection efforts due to its low sensitivity (18%, based on 6-year follow-up of a screened cohort of 18-month-olds). 49 
Q-CHAT
The Q-CHAT extends the measurement model of the CHAT, covering a broader range of ASD symptoms, which are rated on a 5-point scale (rather than present/absent). Preliminary data suggest that the Q-CHAT distinguishes children with ASD from low-risk 18-to 24-month-olds. 33 A recent secondary analysis using the 10 Q-CHAT items that best discriminated groups with and without ASD and that optimized a screening cut-point indicated sensitivity and specificity estimates as high as 91% and 89%, respectively, in a casecontrol sample. 34 Further validation of this abbreviated screen is needed, however, in independent, communitybased samples similar to where the screen would be used.
M-CHAT
The M-CHAT, also adapted from the CHAT, has been assessed in large community [25] [26] [27] the PPV of the M-CHAT for ASD was 0.54, and for any developmental disorder, it was 0.98. 31 As in other communitybased ASD-screening studies, estimates of PPV were based on those screen-positive children who attended and completed a diagnostic evaluation (39.3% of screen-positive children were not assessed).
The M-CHAT has also been evaluated internationally and in multiple languages. Canal-Bedia et al 29 assessed the reliability and predictive validity of a Spanish translation of the M-CHAT in a combined community and at-risk sample in Spain. The PPV in the community sample was 0.19, although this finding may have reflected a relatively low base rate of identified preschoolaged children with the disorder (2.9 in 1000) ( were at sufficiently high risk to be referred directly for diagnostic assessment without the follow-up interview. This revised scoring and referral algorithm reduced the initial screen-positive rate (from 9.2% to 7.2%) and increased the overall rate of ASD detection (67 vs 45 per 10 000) compared with the original follow-up M-CHAT.
Early Screening for Autistic Traits
Population screening at an even earlier age has been associated with higher false-negative rates (lower sensitivity), which is somewhat expected given the slow onset of symptoms that emerges across the first 24 months of life. The ESAT was assessed in a large (N = 31 724) population sample of 14-to 15-month-olds, with a low case detection rate (,1 in 1000). 22, 23 Moreover, PPV of the ESAT was only 0.25, which would potentially lead to the referral of a large number of toddlers without ASD based on a positive screen (PPV for other developmental delays was not reported). The authors recommended a second screening at 24 months of age to identify children who regress after age 18 months or those who are missed for other reasons.
Baby and Infant Screen for Children With Autism Traits
Preliminary data on the Baby and Infant Screen for Children with Autism Traits tool indicate good discrimination between toddlers with known ASD diagnoses and those with other developmental delays as identified clinically. 41 Additional data are needed, however, to confirm how this measure would perform in a screening context.
FYI
The FYI is a parent questionnaire designed to screen for signs of autism in 12-month-olds. Initial data on the FYI suggest the potential for modest sensitivity. 20 In a recent prospective follow-up study of a community sample of 699 children whose parents initially completed the FYI at approximately the child' s first birthday, 4 of 9 children subsequently diagnosed with ASD at 3 years of age were identified. A scoring algorithm that optimized prediction of ASD identified 13 (1.9%) of 699 participants who met cutoffs on 2 domains (social communication and sensory regulation). 21 Assessment of PPV in an independent/validation sample is still needed.
The working group suggested that additional efforts are needed to develop and validate population-based ASD screening tools aimed at the 12-to 18-month age range, anticipating that modest sensitivity at this age may warrant follow-up with additional screening at a later age (eg, at 24 months). In addition, the working group recommended that standardized screening specifically for ASD should be performed when parents raise concerns between wellchild visits or when concerns are raised upon general developmental surveillance or screening during scheduled visits. Parental concern effectively raises the prior probability that a child will have ASD, thereby increasing the PPV of a screening test regardless of its intrinsic sensitivity and specificity.
Level 2 Screening Tools
Two interactive observational assessments have been developed for use as level 2 screeners in young children identified as being at high risk of ASD.
Screening Tool for Autism in Two-Year-Olds
The Screening Tool for Autism in TwoYear-Olds (STAT) has been assessed in clinical samples of 2-year-olds referred for suspected ASD, with a sensitivity and specificity as high as 92% and 85%, respectively. 39 Recent data indicate that the STAT may also have utility in younger toddlers aged 14 to 23 months, although additional data are needed for this age group. 40 Although the STAT requires a higher level of expertise to administer than parent questionnaires such as the M-CHAT, a recent study provided evidence of the effectiveness of Web-based training of community services providers of various professional backgrounds; this training could enhance the feasibility of the STAT. 52 
Systematic Observation for Red Flags
The Systematic Observation for Red Flags has shown promise in discriminating ASD from other communication delays. 43 Additional data are needed in a screening context. 56 to detect ASD are under investigation. Because these tools are commonly used in pediatric practice, it will be important to determine their utility in detecting ASD in the second year of life even though their sensitivity and specificity are not expected to be as high as those of ASD-specific screeners.
Statement 2: The evidence indicates that siblings of children with ASD are at elevated risk for ASD and other developmental disorders and thus should receive intensified surveillance.
affected by ASD, the frequency of ASD in a later-born sibling has been estimated at 14%. 57 More recently, several independent groups conducting prospective longitudinal research involving infant siblings of children with ASD reported a pooled estimated recurrence risk of 18%. 58 In contrast, a recent population registry-based study from Denmark 59 estimated recurrence risk at closer to the 7% to 8% level reported in older studies. 60 Regardless, rates of ASD in siblings greatly exceed population risk, emphasizing the need for intensified monitoring. Moreover, younger siblings of children with ASD demonstrate significant deficits on indices of social communicative development and cognitive functioning, as well as elevated ASD symptoms relative to younger siblings of typically developing children. [61] [62] [63] [64] Because these children are at elevated risk, they require intensified developmental surveillance. At a minimum, they should receive continuous surveillance for developmental issues and be screened for ASD at 18 and 24 months of age, as recommended by the AAP for all children. 2 Statement 3: Children identified through ASD-specific screening should be immediately referred for diagnostic/developmental evaluation and appropriate intervention.
The AAP has recommended that children who screen positive on an ASD-specific screening tool be scheduled for a comprehensive evaluation and referred concurrently to early intervention services as appropriate. 2 Available interventions are mandated in the United States but vary in availability and quality by locality, and they may consist of non-ASD-specific public early intervention programs, such as speech therapy, and early childhood education programs.
It is hoped that early screening will lead to improved outcomes as a result of earlier referral and earlier initiation of intervention. However, recent studies suggest that such benefits of early screening frequently go unrealized. In a national study of 17 pediatric practices, implementation of general developmental screening did not always lead to referral of screen-positive children to a medical subspecialist or early intervention programs. 12 These investigators noted that some families did not understand the reason for a followup evaluation. Additional research is needed to address how to better engage families in the screening process to facilitate rapid follow-up, as well as to identify and characterize other potential barriers to early diagnosis and treatment related to system capacity or provider attitudes and practices.
Statement 4:
The long-term stability of ASD diagnosis in children aged ‡24 months is well established. Emerging data suggest that ASD diagnoses in substantial proportions of children diagnosed before age 24 months are also stable, although further research is needed, particularly in the context of early screening.
Ten articles were identified in which children received an initial diagnostic assessment for possible ASD before age 3 years and were then reassessed at least 1 year later. [65] [66] [67] [68] [69] [70] [71] [72] [73] [74] In general, the stability of ASD diagnoses established at $24 months (ie, the rate at which an ASD diagnosis was confirmed on reassessment) was very high, ranging from 68.4% to 100% when the initial diagnosis was autistic disorder (median: 92%), and from 40% to 100% when the initial diagnosis was pervasive developmental disorder not otherwise specified (according to the Four of these studies involved samples of children aged ,24 months (Table 2) , [65] [66] [67] [68] although only 1 study focused almost exclusively on this age group. 67 These studies provide promising evidence of the stability of ASD diagnosed as early as 14 months; the samples were relatively small, however, and there is no direct comparison of stability in children diagnosed before versus after age 24 months. Of note, 2 studies focused on toddlers identified by using communitylevel ASD screening before age 24 months. 65, 66 Both studies indicated high diagnostic stability for children initially diagnosed with autistic disorder (85%-93%) but more modest stability for children diagnosed with pervasive developmental disorder not otherwise specified (47%-62%). Further research in larger samples is needed, but the evidence to date supports the stability of ASD diagnoses before age 2 years.
Statement 5: Further attention to potential barriers to ASD-specific screening in the health care system is needed.
Pediatricians have noted major barriers to screening, including the following: lack of time and inadequate reimbursement; logistic challenges, such as disruption of work flow, lack of familiarity with tools, and difficulty with scoring; and lack of office-based systems for making referrals and monitoring outcomes.
Lack of Time and Reimbursement
Insufficient time and inadequate reimbursement are often cited by providers as barriers to performing screening. 12, 13, 19, 75 Pediatricians have a limited amount of time to complete an increasing number of tasks, including screening for non-ASD disorders, during a well-child visit. 19 Selection of a broadband screening instrument would meet with greater acceptance if the tool could detect multiple developmental disorders of interest. Busy periods, such as the onset of the winter viral season, often impede the ability of a practice to consistently screen. 12 To optimize screening, some practices have instituted ongoing data collection and monitoring of their efforts.
The lack of reimbursement for screening is commonlycitedas abarrier.However,in 1 study, the 3 practices that routinely screened at the 30-month well-child visit reported no difficulties in collecting payment. 12 In another study, 17 pediatric offices received no payment at all for screening but rather received training and data collection support, as well as streamlined follow-up diagnostic assessments for screen-positive children. Thus, reimbursement challenges may be mediated by infrastructure support (eg, staff training/mentoring) to make screening easier to implement, as well as timely access to appropriate follow-up. In this way, pediatricians may be reassured that there is capacity in the health system to support children who screen positive.
Logistic Challenges
Other challenges to screening implementation include concerns over a disruption of work flow, unfamiliarity with screening instruments, and difficulty with scoring. 12, 13, 75 Providers often express concerns about how to distribute screening questionnaires without slowing the flow of patients through the office. 12, 13 Nevertheless, in a national sample of 17 pediatric practices, .85% of children presenting at recommended screening ages were screened, with practices dividing responsibilities among staff members and proactively monitoring implementation. 12 Miller et al 76 found that screening at sick visits was necessary to achieve coverage of the age-eligible children, especially for the small number of uninsured children. Training of office staff as well as professional education can remedy a lack of familiarity with the use and scoring of screening tools.
Lack of Office-Based Systems for Making Referrals and Monitoring Outcomes
In the sample of 17 pediatric practices, only 61% of children with failed screens were referred, and many practices struggled to track their referrals. 12 Practice-specific referral rates varied widely, from 27% to 100%. It is important that each pediatric practice establish a specific implementation system to expedite referrals, communicate with specialists and early intervention programs, and track follow-through and outcomes. Clearly, early screening initiatives are only as effective as access to resources for follow-up evaluation and early intervention. Communication back to the referring office relative to the outcomes of follow-up actions is critical if only to reassure all concerned of the value of such referrals. For children with ASDs, early intervention services have become more accessible through Part C of the 2009 Individuals With Disabilities Education Act but access may not be equal in all parts of the country, and the quality of services can vary widely and affect outcomes. Indeed, although the National Research Council has recommended entry into an intervention program as PDD-NOS, pervasive developmental disorder not otherwise specified; T1, initial diagnostic assessment of ASD; T2, reassessment of ASD diagnosis, at least 1 year later in these studies. a One child, diagnosed at 8 months, was followed up only to age 26 months and thus was excluded from the table.
soon as an ASD is suspected, 3 local factors, including funding, can affect access to services (wait-listing) or make certain early intervention programs unavailable to some children. 75, 77 Thus, barriers to screening can be overcome with specific strategies such as training and involvement of clinic staff and use of reminder systems, even in busy practices. However, better-coordinated efforts are needed to ensure access to specialized assessment and intervention for children at risk identified through the screening process, as well as communication back to community pediatricians. In addition, further consideration is needed regarding how physician beliefs related to ASD screening (eg, potential risks and benefits to children and families, system capacity to provide timely specialized assessment and treatment services) may influence practice behavior. Such beliefs can contribute to incongruence between physician knowledge and actions when managing ASD-related concerns 78 and thus may also need to be addressed to facilitate uptake of ASD screening into community pediatric practices.
Statement 6: Methodologically rigorous research in ASD-specific screening should be a high priority.
Future research in ASD screening would be aided by attention to the following methodologic issues:
use of large, representative highand low-risk samples, to strengthen the generalizability of findings use of meaningful end points (eg, validated diagnostic measures to assess for ASD and other developmental disorders, as well as an increased focus on outcomes of greatest relevance to families and to the health system, such as age of diagnosis, age of entry into intervention, and long-term developmental gains resulting from screening) inclusion of systematic surveillance methods, as well as followup tracking of screen-negative cases, to improve estimates of sensitivity, specificity, and NPV evaluation of different scoring approaches (categorical versus continuous) and, potentially, different age-specific scoring algorithms for specific ages, to further optimize screening strategies that might be implemented longitudinally reporting of detailed characterizations of study participants, including social factors, cognitive level, and medical history, to improve comparisons across studies and to better understand what factors might influence the accuracy of screening for individual children evaluation of potential differences between screen-positive children who are seen for a diagnostic assessment and those who do not complete follow-up (which is often in the range of 25%-40% 25, 27 and in some studies exceeds 50% 17 ) to further evaluate potential barriers and facilitators, and provide information essential to evaluating the generalizability of study findings inclusion of underrepresented minority and historically underserved groups, to help ensure representative samples and the development of culturally appropriate adaptations of screening tools for such populations
Lower socioeconomic status and nonwhite ethnicity (particularly Hispanic) have been associated with delayed age of diagnosis, potentially due to disparities in access to health services. [79] [80] [81] However, there is evidence that application of standardized screening can help reduce such disparities and ensure timely diagnosis of children across a diversity of backgrounds. 82 Statement 7: Additional priorities for future research include studies that:
Examine how broadband and ASDspecific screening tools can be used 54 reported that the M-CHAT had higher sensitivity for ASD than the high-risk threshold for any area of general concern covered by the PEDS. Although the PEDS detected many children with other developmental concerns, sensitivity for ASD could not be achieved without lowering the screen-positive threshold to a level that would identify a substantial proportion of the general population (25%).
A study assessing the efficacy of such a multistage screening program would also assess/validate the effectiveness of: (1) training of health care professionals in recognizing early ASD signs and using a specific screening tool; (2) a specific referral protocol; and (3) feedback to the referring offices.
Evaluate screening strategies by using randomized designs
The evaluation of ASD screening is often limited to measurement of classification accuracy (estimates of sensitivity and specificity, and/or PPV and NPV) without sufficient attention to whether the ultimate goals of screening are achieved (eg, earlier diagnosis and access to treatment) or the possibility that, as with other interventions, screening might be associated with positive or adverse outcomes. Moreover, alternate approaches to screening (eg, broadband versus ASDspecific, level 1 versus level 2, or some combination) have never been directly compared. We would argue that screening is a public health intervention; that is, a comprehensive early detection strategy shouldnotbesolelybasedontheselection of a particular screening instrument but rather must include other changes to the overall system of care, such as enhanced training for health professionals and expanded capacity for early diagnosis and intervention by specialized teams. Thus, the outcomes of screening may not simply berelatedtothemeasurementproperties of a tool but also to the successful implementation of other aspects to the overall care pathway for children with suspected ASD. 17, 84 As such, researchers should explicitly define their screening strategy (ie, the screening instrument plus collateral changes to the system of care) as well as the outcomes of interest, and evaluate the effectiveness of these strategies in real-life community settings by using randomized designs. Randomized designs have become the standard in other ASD intervention research (eg, Dawson et al 5 ) and in other public health screening interventions. 85 However, observational studies will also need to be continued because of the well-known challenges to constructing randomized designs that reflect real-world clinical practice. 86 Table 3 presents a comparison of the relative strengths and limitations of randomized and observational designs with respect to screening research.
Consider additional outcome metrics for ASD screening
In the near term, evaluation of ASD screening strategies will likely continue to focus on process measures, such as rates of targeted children screened, referred, and diagnosed. However, ultimately, the idea of evaluating any screening program is to gauge its impact on distal health outcomes. For potentially fatal conditions, mortality is the ultimate distal outcome. For nonfatal conditions, developing approaches to measure impact on morbidity, disability, or impairment can be a challenge. With respect to ASD, although increases in referral and early diagnosis rates can serve as meaningful initial outcomes, screening should ultimately demonstrate a reduction in population impairment and the effect of that impairment on society. Studies of ASD screening will thus eventually need to consider the impact of this screening on long-term changes in symptoms and functional status. Determining how to best measure these distal health outcomes is one of the challenges of ASD research. In addition to distal health outcomes, assessing the cost impact of screening is often critical to its eventual broad dissemination.
Because ASDs impose a sizable financial burden, not only in direct medical expendituresbutalsoinindirectcosts(eg,special education services, lost productivity by family caregivers), 87-89 a more in-depth understanding of these costs is needed to adequately compare different screening strategies and to identify potential cost savings to society for those that are effective. Finally, indirect costs associated with screening include an emotional dimension. Evaluations of screening effectiveness, in addition to including distal outcomes, need to consider these "costs" in addition to the financial costs associated with false-positive findings.
Examine whether computer technology can improve screening accuracy
The use of computer technology holds promise for improving screening accuracy. Parents can complete a screening questionnaire online and have access to video exemplars for more accurate reporting. The capability to upload videos can expedite specialist evaluations. A recent preliminary report suggested that the M-CHAT (including follow-up questions) could be feasibly completed electronically, with fewer false-positive findings and good to excellent parent satisfaction. 90 Further studies should be conducted to determine feasibility and accuracy in a larger sample of community practices.
Examine the effectiveness of repeat screening
ASD is heterogeneous in the presentation and time course of core deficits. It would therefore be important for a screening program to administer ASD-specific screening tools periodically at differing ages to detect children at risk who, for a number of reasons, may have been missed on an earlier occasion. Formal research can better define the value and potential costbenefit of repeat periodic screening for ASD, as well as identify potential factors that can improve the efficiency and efficacy of specific approaches.
Examine how belief systems impact screening uptake and outcomes
Belief systems of both providers and parents may influence screening outcomes. The uptake, or implementation, of clinical recommendations for screening can be diminishedif pediatricians and other health care professionals have misconceptions about ASDs (eg, a belief that children can "outgrow" ASD) or are unfamiliar with pertinent interventions. 91 For example, cultural beliefs may influence the significance attached to differences in early social behavior or the reporting of such differences to health care providers. A child who does not make eye contact with adults or point may not be worrisome if such behaviors are considered disrespectful. 19 Families may also be less likely to participate in follow-up assessments 92-94 if they are not confident in the referring clinician' s skills and expertise. 95 Studies examining the impact of belief systems would improve both provider and parental understanding of diverse perspectives and inform targeted supports and interventions.
Examine potential screening strategies that include measurement of biomarkers
Given that neuroanatomical abnormalities in ASD have been shown to occur consistently across development, 96, 97 and biological mechanisms (including genetic) may provide a measurable "signature" even before symptom expression, there is hope that specific biomarkers may eventually be identified that could contribute to early diagnosis. Indeed, recent studies from developmental neuroscience and molecular biology have shown promise in identifying specific markers that can distinguish children with ASD from other high-risk and low-risk peers, even during infancy. However, most of these studies focused on group differences rather than predicting outcomes at an individual level (needed to determine sensitivity and specificity) and/or focused on distinguishing children with known diagnostic status rather than predicting diagnosis in children whose status is not yet known. This small, yet growing body of research includes studies with well-defined highrisk cohorts (notably, younger siblings) as well as general population cohorts that begin screening, tracking, and studying the biology of ASDs at 12 months. What both approaches have in common is that studies are conducted within highly controlled research contexts. Thus, although biomarker-based research holds considerable promise, the clinical utility of incorporating such markers into community-based early detection strategies remains to be demonstrated. At present, no specific biomarkers are recommended for ASD screening.
Several examples of studies using brainbased measures identifying candidate biomarkers are summarized here to illustrate the potential contribution of this emerging field of research. Using the general population-based screening Comparison groups Young children randomly assigned to different screening control groups Naturally occurring "screened" and "unscreened" groups in the community. Perhaps identified via different:
• Children with ASD having optimal outcomes ("case subjects")
• Health care providers • Age-matched children with ASD having suboptimal outcome representative of the population giving rise to the case subjects ("control subjects")
• Geographic area 98 recorded functional MRI activity from 63 naturally sleeping toddlers with ASD, language disorder (ie, standardized score at least 1 SD below the mean), or typical development. Relative to the other groups, toddlers with an ASD exhibited significantly weaker interhemispheric correlations in the inferior frontal gyrus and superior temporal gyrus, 2 areas central to language production and comprehension. Levels of interhemispheric coordination enabled accurate identification of toddlers diagnosed with ASD, with high sensitivity (72%) and specificity (84%). As another example, Bosl et al, 99 using the modified multiscale entropy computed on the basis of a resting state EEG, showed that infants at high risk for autism exhibit a different developmental trajectory than typically developing control subjects and that these differences are most evident between 9 and 12 months of age. Infants were classified with .80% accuracy into control groups and high-risk groups at age 9 months. More recently, Elsabbagh et al 100 reported that evoked responses to dynamic gaze at 8 months in high-risk infants were predictive of an ASD diagnosis at 36 months. In addition, Wolff et al 101 described a pattern of blunted white matter trajectories based on serial brain MRI (using diffusion tensor imaging) between 6 and 24 months of age in high-risk infants with ASD symptoms at 24 months; differences in these imaging indices were detectable by 12 months.
Blood-based biomarker studies of ASD have yet to reveal themselves as viable screening approaches, mainly due to the fact that discovered genetic mutations occur at relatively low rates in the ASD population. Until recently, it was reported that de novo genetic copy number variations are present only in 3% to 10% of the ASD population. 102 However, recent data using exome and whole genome sequencing methods suggest the yield of such testing for clinically informative variants may be much higher. 103, 104 Moreover, although the contribution of specific biomarkers to risk prediction may be modest, combined results from a panel of predisposing biomarkers can produce information about an individual' s probability of developing ASD. 105 Consideration of several biomarkers at once is consistent with the multitude of genetic and epigenetic factors (and potentially other biological factors [eg, immune, indices of atypical brain growth/connectivity]) that likely play a role in vulnerability to ASD in many children. 106 The sensitivity and specificity for the risk score could be used to indicate the predictive performance of the biomarker combination. The approach of combining multiple alleles/ biomarkers to predict risk status has also been undertaken with other disorders of complex etiology, including breast and prostate cancer, coronary heart disease, and type 2 diabetes. [107] [108] [109] [110] Additional avenues of biomarker identification are actively being explored. There is growing interest in possible biologic measures that could be used before (or immediately after) birth to assess risk for ASD. Such markers include metabolites, amino acids, hormones, and immune factors, either individually or in combination with the goal of creating biomarker arrays to assess risk as well as severity, thus providing information that could lead to specific therapeutic interventions. 111, 112 Thus, future biomarker research should consider how combinations of biomarkers could be used in prediction of ASD risk, and how incorporation of biomarker profiles together with behavioral markers might improve on screening methods based on the markers alone. Although some methods present logistical difficulties (eg, cost, invasiveness), others, such as EEGs, are more readily available in pediatric settings (eg, auditory brainstem response in newborns), noninvasive, and relatively inexpensive. With further laboratory and community-based research, such methods might ultimately exhibit the potential to improve the sensitivity and specificity of early detection, as well as enable detection earlier in development.
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